The nuclear polyhedrosis virus of Autographa californica (AcNPV) was evaluated by using in vitro test systems for toxicity and transforming potential in mammalian cells. Mass cell cultures of CV-1 and W138 cells appeared unaffected by AcNPV at a multiplicity of infection of 5. Human foreskin cells grew more slowly after inoculation but eventually produced healthy monolayers. The sensitivities of the inhibition of reproductive survivability assays were greater and demonstrated slight AcNPV toxicity to CV-1, W138, and human foreskin cells. Toxicity was not ameliorated when gradient-purified or psoralen-inactivated virus was used, suggesting that the toxic component of the preparation is part of the virion or copurifies with it. AcNPV was not toxic to and did not transform BALB/c 3T3 cells or primary cell cultures derived from Syrian hamster embryo cells (SHE). Unlike the BALB/c 3T3 transformation assay, the SHE assay detected no spontaneous transformants. The SHE transformation assay can employ simian adenovirus 7 as a positive control. SHE are transformed by numerous viruses and so are useful in assessment protocols. This study suggests that in vitro assessment of viral pesticide toxicity should employ the inhibition of reproductive survivability assay and that transformation assessment is best done with the SHE-simian adenovirus 7 procedure.
Safety considerations regarding insect viruses and their uses in pest control have been reviewed elsewhere (1, 16) and have been the subject of several symposia (24, 25) . On the basis of these assessments, and specifically on the recommendations of an American Institute for Biological Sciences panel, pesticide assessment guidelines were promulgated (9) . These tests are organized on a tier progression approach. Among the tier 1 tests are mammalian cell culture tests for the assessment of the potential effects of viral pesticidal agents on human health. These in vitro tests were designed to assess the potential for overt infection; persistent, latent, or abortive infection; transformation; and toxicity.
Since the development of the guidelines, regulatory experience has shown that the original set of tests was deficient in many ways. The present study compares the results of tests with a candidate baculovirus pesticide agent, the nuclear polyhedrosis virus of Autographa californica (AcNPV), in both the originally recommended mass culture toxicity and cell transformation tests and more quantitative assays based on clonal growth of surviving individual treated cells.
AcNPV was utilized in these studies for the following reasons. (i) It is the most thoroughly studied member of the family Baculoviridae (for reviews, see references 12 and 18) .
(ii) Few studies directly evaluating the innate toxicity of AcNPV to primate cells or its in vitro cell transformation capability have been reported. (iii) AcNPV has been shown to obtain DNA from productively infected cells, and its genes appear to be transcribed in cells which do not support lytic infections (11, 22) . (iv) AcNPV has a wide natural host range (3, 14) . (v) It has been used as a model for environmental studies with genetically engineered strains (2) .
The current study suggests that the inhibition of reproductive survivability (IRS) Toxicity measured by IRS assay. The reduced growth rate of AcNPV-exposed HF cells suggests that the virus may produce subtle, or transient, effects on HF cells. IRS assays were undertaken to further define this effect. Individual cells were exposed to AcNPV, and the ability of each cell to form colonies subsequent to that exposure was evaluated (Table  2) . Care was taken to ensure that the highest concentration of virus contained as little invertebrate cell culture medium and cell debris as possible (e.g., minimum dilutions in EMEM were 1:5) . Control cultures were inoculated with EMEM alone or with EMEM containing the same concentration of SF21-conditioned medium as that in the virus treatment (i.e., treatment labeled as conditioned medium in Table 2 ). Psoralen-inactivated virus was also evaluated for toxicity. The concentration of inactivated virus was determined by the number of PFU prior to inactivation. Dilutions of psoralen-treated SF21-conditioned medium were included to quantitate the toxic effect of psoralen alone and to determine if psoralen can act synergistically with SF21 metabolites to produce toxicity. High concentrations (2 x 106 PFU per dish) of AcNPV proved cytotoxic to all three cell lines. AcNPV significantly reduced colony-forming efficiencies of CV-1, W138, and HF cells; relative to that of controls, colony-forming efficiencies were 1.2, 3.6, and 0.7% for the three cell lines, respectively. The toxic effects of AcNPV were reduced with reduced doses. HF cells were less sensitive to AcNPV than were W138 and CV-1 cells. W138 and CV-1 cells were significantly affected by as little as 2 x 104 or 2 x 105 PFU of AcNPV per dish, respectively. Surprisingly, psoralen-inactivated AcNPV produced greater toxicity than did the stock virus, regardless of the cell line tested (Table 2 ). High concentrations of conditioned invertebrate medium were cytotoxic to W138 and HF cells, reducing their colony-forming efficiencies to 28 and 66%, respectively, of the colony-forming efficiencies of controls.
EMEM containing 20% SF21-conditioned medium was not toxic to CV-1 cells (colony-forming efficiency, 118%).
To test the possibility that the toxicity was caused by cellular metabolites produced during infection (rather than being a constitutive component of the virions), AcNPV was separated from cellular components by gradient purification or dialysis and was tested. Neither purification procedure eliminated the toxic effect (Table 3) .
Murine transformation system. The toxicity of AcNPV to BALB/c cells was evaluated prior to transformation experiments. BALB/c cells treated with EMEM or AcNPV had plating efficiencies of 46 and 44%, respectively, demonstrating the lack of toxicity of AcNPV to these cells. MNNG, the positive control for transformation, was toxic and reduced the plating efficiency to 70% of the efficiency of controls.
The transforming potential of AcNPV was evaluated (Table 4) . Dishes treated with EMEM only, AcNPV, or MNNG produced 6.3 (±2), 4.8 (±2.7), and 27 (+14.8) morphologically transformed foci per dish, respectively (mean ± SD). Significant differences were not found between EMEM-grown controls and AcNPV-inoculated dishes, but MNNG treatment resulted in a significant increase in the total number of foci. A high spontaneous transformation rate was observed in control dishes of BALB/c cells.
SHE-SA7 transformation system. Determination of the toxicity of the test preparation based on the efficiency of plating of SHE is a requisite initial step for the SHE-SA7 transformation assay system (7). SA7 (positive transformation control), AcNPV, EMEM, and SF21 cell lysates were tested for toxicity ( (9) . By utilizing these newer tests, AcNPV has been found not to transform vertebrate cells but to be capable of causing cytotoxicity to certain human and monkey cells.
The IRS assay has historically been utilized as a preliminary step in the evaluation of chemicals suspected of other biological effects (8, 19, 21 (Table 2) , which detected the toxic effects of AcNPV preparations in one monkey and two human cell lines. The toxicity was revealed at virus concentrations 10-to 100-fold less than those producing no effect in mass cell cultures. The lack of toxic effects in the transformation assays may have been due to inactivation by experimental manipulation or evidence that rodent cells are refractory to AcNPV toxicity (Table 5 ).
The toxicity of AcNPV preparations was not removed by gradient purification and dialysis (Table 3 ). This suggests that either the components of budded AcNPV are innately toxic or that toxic components of the preparations are so tightly associated with AcNPV that they copurify with the virions during gradient purification. Cross-linking AcNPV DNA with psoralen and UV failed to reduce toxicity and, in fact, appears to have enhanced the toxicity ( (6) . However, the VOL. 55, 1989 on August 27, 2017 by guest http://aem.asm.org/ Downloaded from sensitivity of the SHE-SA7 system makes it preferable for evaluating the ability of a virus to transform cells.
The present study supports the hypothesis of nonpersistence of the AcNPV genome in mammalian cells (4, 26, 27) . However, it documents a low cytotoxicity to primate cells not detected in earlier investigations. Inclusion of the IRS and SHE-SA7 assays in the revised subdivision M of Pesticide Assessment Guidelines should lead to improved toxicity and cell transformation testing for both naturally occurring and genetically altered viral pesticides.
